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Abstract 
The present paper focuses on the study of actively controlled tensegrity plates and their self-repair, considering possible damage 
scenarios. A simple tensegrity module is applied to build a tensegrity plate. The structures are controlled by modifying the self-
stress state. Nine damage scenarios are analyzed; in each one cable is taken out of the plate. The primary objective of the control 
is to maintain a constant slope of the upper surface of the structure. The results indicate that the adjustment of prestressing forces 
may compensate the broken element, satisfying serviceability criteria. 
 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the XXIII R-S-P seminar, Theoretical Foundation of Civil 
Engineering (23RSP  
Keywords: smart structures; active control; tensegrity; tensegrity plate; self-repair; 
1. Introduction 
The scope of interest of the authors are structural systems, which have such properties that enable to control the 
characteristics of structural elements and whole building structures, thus being a perfect base for creating a smart or 
an intelligent structure [1]. Such possibility of structural control lies in applying cable-strut systems called tensegrity 
structures [7, 9]. The present paper focuses on the analysis of a plate, built from several tensegrity modules, 
controlled by self-stress states. The analysis was performed using nonlinear equations of truss mechanics for finite 
element method [3]. A plate structure with removed cable was analysed. An influence of such damage on standard 
truss structures was analysed in works [4-6]. The paper [8], on the other hand, focused on assessment of sensitivity 
of cable-strut structures to cable removal. The aim of the present paper is an assessment of possibility of self-repair 
of tensegrity structures after removing a selected cable, without interference from the outside, using only a self-
stress adjustment.  
2. Single tensegrity module 
Tensegrities are cable-strut structures with a special node configuration, which ensures occurrence of an 
infinitesimal mechanism balanced with a self-stress state [3, 7, 9].  
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Tensegrities consist of struts (marked on the drawings with thicker lines), which can be compressed, and cables 
which are solely tensioned. There are lots of regular and irregular tensegrity structures, including a series of typical 
modules, which can be used as a basis to build more complex systems. The following study focuses on a 3-strut 
Simplex module presented in Fig. 1a. Two types of modules were used: left and right (Fig. 1b). The following 
assumptions were used for calculation: strut lengths: 1.33 m, oblique cables lengths: 1.05 m, cables of smaller 
triangle: 0.58 m, cables of bigger triangle: 1.00 m. Struts were made of steel tubes with parameters: Es=210 GPa, As 
= 7.26 cm2, and cables of steel ropes with parameters: Es = 210 GPa, As = 2.01 cm2. 
 
a)          b)  
Fig. 1. (a) 3-strut Simplex; (b) Top view of left and right modules. 
The analysed module has one infinitesimal mechanism and a corresponding self-stress state, which stiffens the 
module. Cable removal causes the module to collapse. 
3. Tensegrity plate 
The further study considers a sample plate structure constructed from reversed 3-strut Simplex modules (described 
above), located in such a way that the left module is always joined with the right and vice versa (Fig. 2). No 
additional cables were used in this structure. The plate is supported in four nodes. It has one infinitesimal 
mechanism (Fig. 3), and self-stress states in each module [2]. 
 
 
Fig. 2. Tensegrity plate. 
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Fig. 3. Infinitesimal mode. 
Calculations of such structures cannot be performed using geometrically linear theory because of the infinitesimal 
mechanism. Finite element analysis according to the second order theory allows to consider prestressing forces (in 
one module or several) through geometric stiffness matrix, and to obtain structural response for external loading. 
Fully nonlinear analysis leads to big differences within the scope of small prestressing forces, which disappear along 
with an increase of force values. Distribution of nodal displacements under point loads 10 kN, acting downwards on 
all the nodes of the upper surface of the plate, is presented in Fig. 4. The maximal displacement: 51.36 mm occurs in 
the middle of the plate. The calculations were performed assuming that all the modules were prestressed. The value 
of forces in oblique cables of a single module was 33.3 kN. 
 
 
Fig. 4. Displacements before damage. 
4. Damage due to member loss 
Structural damage due to member loss was considered. Removal of the cable marked in Fig. 5 causes changes in the 
structure of modules 3 and 10, and as a result these modules cannot be prestressed. Distribution of displacements 
after damage is presented in Fig. 6. The maximal displacement has reached the value 55.29 mm, but the system was 
still able to carry loads. It can be observed that the cable removal did not cause collapse of the plate, as it was in case 
of a single module.   
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Fig. 5. Tensegrity plate with member loss (bold line). 
 
 
Fig. 6. Displacements after damage. 
5. Self-repair by internal self-stress 
The fundamental question considered in this work is whether or not it is possible to repair the damaged tensegrity 
plate structure through an adjustment of self-stress in single modules, without any external interference. Such 
property would be particularly valuable, if the system could be repaired through an adjustment of self-stress in only 
one selected module, because it requires installation of an adequate actuator. As it is proved below, such repair is 
possible. An object of the analysis was a maximal displacement of the structure and its return to the value obtained 
before damage, after application of additional prestressing forces in one of the modules. Fig. 7a and 7b present 
values of the prestressing forces in oblique cables of the particular modules, by which the repair understood as an 
elimination of an extra displacement occurs. The smallest force, by which the plate can be repaired, was obtained for 
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b)   
 
Fig. 7. Self-repair forces in modules: (a) position; (b) values. 
 
Fig. 8 presents displacement state in two characteristic cross-sections of the plate controlled through an adjustment 
of self-stress in the module 11. Four states were considered: zero state (only self-stress) and states before damage, 




209 Anna Al Sabouni-Zawadzka and Wojciech Gilewski /  Procedia Engineering  91 ( 2014 )  204 – 209 
c)  
 
Fig. 8. Distribution of displacements: (a) cross sections; (b, c) values. 
6. Conclusions 
It has been proved in the paper that self-repair of structures like the tensegrity plate presented above is possible 
using only self-stress, and does not require any external interference. Self-repair is feasible through a control of just 
one module, which is important as far as the number of actuators needed is concerned. Results of the presented 
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